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be hypothesised that adaptation to 
pollinators has been a driving force 
behind the diversification of some of 
the major elements of the southern 
African flora,” Johnson writes.
Southern African flowers are known 
to be attractive to a range of species 
from long-probscid flies, oil-bees, 
hawkmoths, butterflies, birds and 
rodents. Many of these pollination 
interactions have been characterised 
in detail down to the level of particular 
groups of flowering plants. These 
groups “tend to be geographically 
restricted, often exhibiting a short 
phenophase, and include many 
unrelated plants that tend to exhibit 
convergent floral traits,” Johnson says.
However, some plant families in 
southern Africa tend to be dominated 
by species with specialised pollination 
systems, he says. “An analysis of 
existing pollinator data for 114 southern 
African species of Iridaceae and 
Orchidaceae revealed that these have 
a single pollinator species. By contrast, 
temperate northern hemisphere 
species of Orchidaceae have a 
median of five pollinators, he says. 
This suggests that the specialisation 
in these families in southern Africa is 
not simply a phylogenetic effect, but 
reflects the uneven global distribution 
of certain specialised pollination 
system niches, he says.
Johnson identifies five different 
modes of pollinator-driven 
diversification: pollination system shifts, 
divergent use of the same pollinator, 
coevolution, trait-tracking and mimicry.
“Darwin’s evolutionary framework 
provided pollination biology with the 
tools needed to explain how and 
why flowers diversified,” he writes. 
“However, there are still few studies that 
sufficiently explain why flowers have 
diverged between populations, and 
ultimately between species. Answers 
to these questions are fundamental for 
understanding why some plant groups 
have diverged under selection by 
pollinators, while others have not.”
Southern Africa remains a 
remarkable habitat for investigating 
these questions. “Unlike much of the 
developed world, southern Africa still 
has vast tracts of land that are pristine 
enough to be considered representative 
of the environment in which plants 
diversified.” Future research will 
“have to be devoted to improving our 
understanding of the role of pollination 
niches for the maintenance of plant 
species diversity,” Johnson says.The European eel, and its other 
relatives that spend much of their 
adult life in freshwater habitats, have 
not only long puzzled locals that 
wondered about its life cycle but 
also researchers who were intrigued 
about these fish. The fish, a target for 
fishermen for centuries, is becoming 
increasingly scarce, raising concerns 
amongst conservationists about its 
extraordinary life cycle and what best 
can be done to bolster its numbers.
It is only relatively recently that it has 
been shown that this once-common 
species migrated across thousands of 
kilometres of open ocean to breed in 
the Sargasso Sea off South America, 
with the young returning to the 
freshwater haunts of their parents to 
grow and mature before making the 
great oceanic journey themselves to 
breed. Other species of freshwater 
eels have been shown also to take 
on similar epic journeys in their 
life cycles too.
There are more than 800 species 
of eel with only 16 species and 3 
subspecies which spend most of 
their life in freshwater habitats. The 
spawning areas of these species are 
located in the open ocean a long 
distance from these habitats, often 
thousands of kilometres away. The 
offspring eventually return to the 
freshwater habitats of their parents 
to grow and develop before returning 
to the ocean. The evolution of such 
an extraordinary lifestyle has long 
puzzled researchers hindered by the 
uncertain evolutionary relationship of 
these freshwater forms with the vast 
majority of wholly marine species.
But in a new study, published 
in the Royal Society’s Biology 
Letters (online), Jun Inoue at the 
Ocean Research Institute at the 
University of Tokyo and colleagues 
in Chiba, Hamburg, Osaka and 
London report a phylogenetic study 
of whole mitochondrial genomes 
from 58 species, including 31 newly 
determined sequences, representing 
all 19 families of the anguilliform order 
of eel families, plus two outgroups, 
to address the evolutionary origin of 
the freshwater eels in a phylogenetic 
context. They believe the results 
suggest the freshwater forms 
comprise an exclusive clade with 
diverse oceanic midwater species 
placed in six families.
The team found that analyses of the 
mitochondrial sequences suggested 
a relatively clear phylogenetic 
relationship between the species of 
freshwater eels. They found that these 
eels had the closest genetic links 
with 6 families of eels, comprising 
47 species, which are all oceanic 
midwater dwellers, occurring mainly 
at tropical and subtropical depths of 
200–3,000 metres throughout their 
adult life with no evidence of any 
exceptions.
“How can we explain why this 
apparent evolutionary shift of the 
freshwater eel life history from the 
A new study suggests the puzzling 
freshwater eels have a deep oceanic 
origin. Nigel Williams reports.
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Enigmatic: The curious lifestyle of freshwater eels has fascinated researchers but new 
 evidence suggests a deep-sea origin. (Picture: Photolibrary.)
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Instead of playing soccer, I brought 
home insects, lizards, hedgehogs, and 
other critters. My mom, a worrywart, 
took me to a child psychiatrist to 
cure me of this nature madness: 
he reassured her that I was not a 
budding psychopath and told her 
to encourage my interest in nature. 
However, I had no role models, no 
natural history museum in Istanbul, 
and no mentors until I was in high 
school. I saw my first field guide at 
15 and started birding immediately. I 
wrote my college application essay on 
insect collecting. The lack of natural 
history books in Turkish made me 
read many books in English, boosting 
my SAT and other relevant test scores. 
At age 16, I contributed the rare 
beetle Propomacrus bimucronatus to 
the Harvard entomology collection, 
initiating the Turkish urban legend 
that “someone bribed Harvard with 
a cockroach to get in”. In college, 
I worked in that collection as a 
curatorial assistant and inventoried 
that very beetle. My inventory still 
hangs on the MCZ beetle cabinets 
after 16 years. At Harvard, Peter 
Ashton’s graduate class in tropical 
biology was my introduction to the 
subject and I never looked back.
You have successfully combined 
long-term field projects with 
global meta-analyses: do you think 
biologists are doing enough field 
research? No. There is a massive 
need for long-term field research, 
especially in the tropics, but funding 
is hard to find and it is easier to 
analyse already-collected data. There 
is growing pressure to get papers 
out quickly, so biologists increasingly 
work with existing datasets. This 
is a huge loss, both personally 
and professionally, especially for 
students who graduate with little field 
experience.
Besides the pleasure of studying 
nature, field work enables me to 
collect essential population dynamics 
data and obtain ecological insights I 
would not get otherwise. Combining 
field work with analyses of global 
databases, I can see the big picture, 
understand conservation priorities 
worldwide, and find answers to 
important questions, such as what 
percentage of the world’s bird species 
are migratory and what percent of 
those are threatened with extinction.
Long-term field work is also 
essential for solving conservation 
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I do not know of another Turkish 
tropical biologist: how did it 
happen? E.O. Wilson calls it 
‘biophilia’. I always knew I was going 
to study nature, and it has been my 
main motivator. I learned to read at 
four because my parents got sick of 
reading to me about animals. I read 
about Darwin at age five and thought 
he wrote ‘On The Evolution of Turks’: 
the Turkish for ‘species’ is ‘Tür’. 
Q & Aoceanic midwater to freshwater occurred?” the authors write. The two 
environments are remarkably different 
and require fish to be adapted to 
remarkably different ecological 
and physiological constraints. The 
authors consider whether there was 
a gradient in productivity between 
freshwater and marine environments 
at the time of the evolution of these 
eels. Another possibility the authors 
consider is that there was a vacant 
niche in freshwater when multiple 
marine species were emerging. 
“Multiple lineages of marine eels 
in marine environments, including 
voracious predators such as moray 
eels,” may have led to a vacant niche 
in freshwater, they suggest.
“How can we explain why this 
apparent evolutionary shift of 
the freshwater eel life history 
from the oceanic midwater to 
freshwater occurred?”
The authors speculate that some 
ancestral forms may have come 
to estuaries during their larval or 
juvenile phases and developed an 
adaptive behaviour of regularly 
inhabiting estuaries and occasionally 
entering freshwater in tropical regions 
because of higher food availability, 
better survival or to escape from 
predators. “Once natural selection 
resulted in the emergence of eels that 
regularly used freshwater for growth,” 
a new life history was established, 
they suggest.
But what is most evolutionarily 
remarkable is the return to the deep 
ocean by these species to breed. 
“Reproductive behaviour is typically 
conservative and constrained by 
many ecological and physical 
factors,” the authors say. So the 
migration of freshwater eels back 
to their offshore habitats over an 
evolutionary timescale represents a 
remarkable relic of the reproductive 
behaviour of these enigmatic animals 
that share a common ancestry with 
pelagic eels of the deep ocean, they 
write. “This surprising discovery 
offers a new perspective on the 
evolutionary origin of the freshwater 
eels,” and may provide novel insights 
into the evolutionary process of their 
unique migrations, they believe.
